 (Br HeartJ_ 1993;70:259-265) 
Several reports have shown that this technique can be applied safely and is valuable in assessing mitral prosthetic valves. Transoesophageal imaging complements a precordial study and may be an essential part of a comprehensive echocardiographic examination of patients with a suspected malfunction of a mitral prosthesis.23 Transoesophageal echocardiography has the advantage of circumventing the ultrasound attenuation inherent in precordial imaging of the atrial surface of the mitral prosthesis and its sewing ring.
The initial generation of transoesophageal probes allowed imaging of the heart in only one imaging plane, the transverse axis. Recent developments in probe technology have led to the introduction of biplane transoesophageal probes. In the current generation of such probes a second transducer array producing longitudinal plane scanning is mounted proximal to the transverse plane scanner. Thus images recorded from two orthogonal planes can be displayed sequentially and by transducer tip manipulation biplane imaging can be used to produce what is in essence a more three dimensional appreciation of cardiac anatomy. 4 With the addition of colour flow mapping to transoesophageal imaging, the investigation of normal and abnormal blood flows within the left atrium of patients with a mitral prosthesis has become possible. With this technique the site and extent of regurgitant jets can readily be appreciated. probe has an integrated continuous wave Doppler capability.
The patients all abstained from oral intake for at least four hours before the study. A history was taken to exclude possible oesophageal disease and difficulties in swal--lowing. An intravenous cannula was routinely inserted in a peripheral vein. The pharynx was sprayed with an aerosol of lignocaine. All patients were sedated with 2-5-5 mg intravenous midazolam 5-10 minutes before introduction of the probe. The examinations were then performed with the patient lying in the left lateral decubitus position. During the study additional midazolam was administered when considered necessary to avoid patient discomfort. Patients under 40 years of age in whom excess salivation was more likely were given 0-2 mg glycopyrrolate intravenously to reduce secretions. No antibiotics for prophylaxis against endocarditis were given, which is our routine practice.
The examination of the mitral valve prosthesis was started by scanning the prosthesis ring and the left atrium in the transverse plane using standard views of four and five chambers of the heart. Instrument settings such as colour gain, depth, transmit power, and colour flow map were adjusted individually to obtain both the best quality cross sectional images and the maximum jet area for any mitral regurgitation. During the examination the vertical position of the probe was finely adjusted to visualise the different parts of the prosthesis and left atrium. After the optimal imaging position had been deter- mechanical prostheses using either imaging plane. Pathological mitral regurgitation was present in 39 of the 67 patients as their only pathological lesion. In 18 patients there was a single paravalvar leak, in eight patients two paravalvar leaks were present, in four patients three paravalvar leaks, in four patients one central leak, and in five patients the combination of a central and one or more paravalvar leaks. Eight patients had mitral regurgitation as a direct consequence of concomitant prosthetic valve disease. With transverse plane scanning alone it was difficult in some cases to determine the origin of the regurgitant jet as being either central orifice or paraprosthetic. This was particularly true of the patients with concomitant central and paraprosthetic leaks in whom the correct three dimensional appreciation of the origin sites of the multiple regurgitant jets required detailed biplane assessment. Table 2 shows the comparison between transverse plane and biplane transoesophageal imaging for assessing the site and number of all valvar and paravalvar leaks.
TRANSVERSE PLANE VERSUS BIPLANE TRANSOESPHAGEAL IMAGING OF MITRAL PROSTHESIS DISEASE
Biplane echocardiography was superior to single transverse plane scanning in both localising and measuring pathological changes within and around the valve. In a case of severe paraprosthetic leakage due to two areas of dehiscence of the sewing ring two regurgitant jets were visible with the transverse plane. To localise their extension and both sites of dehiscence, however, scanning in two orthogonal planes was needed. Biplane imaging showed that both regurgitant jets were of similar size and that the patient had two large paravalvar leaks ( fig 5) .
Depending on their localisation, vegetations were often seen in both imaging planes (fig 3) . Only biplane scanning was able to detect all of them. In two cases of mitral annulus rupture and pseudoaneurysm formation, one was not detected by longitudinal plane scanning. In this case, however, the lateral rupture site and the associated pseudoaneurysm was small. The other case of mitral annulus rupture was readily detected in both planes, but its posterolateral extension could not be appreciated without information from both planes (fig 6) . The best correlation with contrast angiography was achieved when jet areas from both planes were combined. In their assessment of mitral regurgitation by biplane transoesophageal echocardiography Yoshida et al found that the best correlation with angiography was obtained when the greater measurement from two different planes was considered.8 Thus, both studies were able to show that in comparison with conventional transverse echocardiography, mitral regurgitant jet areas from biplane imaging correlate better with contrast angiography. Therefore, instead of measuring mitral regurgitation jets by planimetry we investigated whether adding longitudinal plane imaging to the transoesophageal echocardiographic examination could give additional new information about the origin, number, and extension of mitral regurgitant jets. Furthermore, prosthetic paravalvar regurgitation jets are often crescent shaped and adhere to the atrial wall, making their planimetric assessment less reliable. Our observers agreed in all cases on the extent, number, and severity of the regurgitant jets seen in either imaging plane. This may be because the studies were subsequently reviewed in slow motion from videotapes and because biplane approach gives a second image of regurgitant jets, thus making visual assessment more confident.
We found transoesophageal biplane colour Doppler flow mapping of regurgitant jets more reliable than conventional transverse plane assessment. A proportion of regurgitant jets situated around the anterior and posterior aspects of the annulus were not visualised by imaging in the transverse plane. The size and direction of a jet which may be eccentric and which may move out of the imaging plane might be appreciated better by biplane scanning in the same way that jet morphology in native mitral regurgitation is better evaluated by scanning multiple planes from the transthoracic approach.9 Complete spatial localisation of many of the regurgitant jets was not feasible using only the transverse plane. Superimposition of a paraprosthetic leak on a minor prosthetic leak, due to the inherent properties of the prosthesis, may on single plane scanning create the impression of a single broad based paraprosthetic regurgitation jet. Jets that may seem narrow in one plane can in the other plane be broad and occupy a major portion of the left atrial area. It is known that regurgitant blood flows along the atrial wall may become artificially narrow in one plane because of the Coanda effect.'0
In our experience, biplane imaging can consistently allow an accurate spatial evaluation of jet morphology.
ASSESSMENT OF VALVAR AND PARAVALVAR STRUCTURES BY TRANSVERSE PLANE AND BIPLANE TRANSOESOPHAGEAL ECHOCARDIOGRAPHY
Biplane imaging from the oesophagus will normally allow a complete scan of valve sewing ring. An alternative approach to visualisation of the whole prosthetic sewing ring is to use transgastric imaging. To carry out transgastric scanning the probe is advanced into the stomach and the tip anteflexed to obtain long and short axis views of both the sewing ring and the left ventricle. This approach offers the opportunity of localising vegetations and regurgitant blood flows around the sewing ring. Even with the transgastric approach, however, mechanical prostheses can cast a wide acoustic shadow on their atrial aspect, again making this region difficult to inspect. With the help of longitudinal plane imaging from the transgastric position the acoustic shadow may be minimised and better imaging of the atrial surface of the valve and its adjacent structures obtained.
We found that detection of mitral annulus rupture was best achieved by transverse plane scanning when the lesion was extensive. Smaller areas of rupture under the prosthesis, including the exact localisation and the extent of associated sewing ring dehiscence, could only be appreciated by integrating the information from both planes. Thrombotic material and vegetations on and around the valve were shown in all cases with a biplane approach whereas scanning only in the transverse plane failed to recognise both anterior and posterior lesions that were of less than moderate size. In the patient with subvalve pannus only longitudinal plane scanning was able to identify this lesion. As noted earlier, however, the obstructed transvalvar flow and the nature of the subvalve obstruction was best defined during precordial scanning. 
LIMITATIONS OF THE STUDY

